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Summarv T h i s memorandum documents a n a l t e r n a t i v e e q u a t i o n f o r c a l c u l a t i o n of U-A1 a l l o y c a s t i n g c o m p o s i t i o n s i n B u i l d i n g 3 2 1 -M .
T h i s e q u a t i o n c o n f i r m s t h e r e s u l t s of a n o t h e r , undocumented e q u a t i o n t h a t h a s been u s e d i n t h e p a s t .
D i s c u s s i o n
The 235U c o n t e n t i n f u e l t u b e s (g235U/ft) i s d i r e c t l y p r o p o r t i o n a l t o t h e 235U c o n c e n t r a t i o n (g235U/cc) i n t h e U-A1 c o r e a l l o y .
I n order t o p r e p a r e e n r i c h e d u r a n i u m m e t a l , aluminum, a n d U-A1 scrap f o r U-A1 p r o d u c t i o n m e l t s , t h e o v e r a l l a l l o y c o m p o s i t i o n ( w t ' t i U-A1) must be c a l c u l a t e d f o r t h e d e s i r e d 235U c o n c e n t r a t i o n ( g 2 3 5 U / c c ) a n d uranium e n r i c h m e n t ( w t % 2 3 5 U ) .
I n t h e p a s t , Equation 1 h a s b e e n u s e d f o r t h e s e c a l c u l a t i o n s . 
(g235U
Where f = weight f r a c t i o n of 235U i n t h e t o t a l uranium ---1 wt %235u 100 T h i s e q u a t i o n w a s u s e d t o g e n e r a t e n u m e r i c a l t a b l e s t h a t RMETD p e r s o n n e l u s e t o s p e c i f y t h e nominal U-A1 a l l o y c a s t i n g " r e c i p e s " . T h i s s a m e e q u a t i o n i s u s e d by t h e P r o c e s s Monitor computer f o r t h e U -A 1 a l l o y c a s t i n g c h a r g e makeup c a l c u l a t i o n s .
A l t h o u g h t h i s I ,
DPSP-88-71-22
Page 2 December 13, 1 9 8 8 e q u a t i o n h a s b e e n s u c c e s s f u l l y u s e d f o r y e a r s , i t s o r i g i n i s undocumented. 3 y s u b s t i t u t i o n of selected v a l u e s i n t o E q u a t i o n 1, it c a n be shown t h a t t h e assumed v a l u e f o r t h e d e n s i t y o f U-Al4 i s 6 . 0 6 g/cc.
T
h i s i s c o n s i s t e n t w i t h p u b l i s h e d d a t a .
Examination of t h e lower r i g h t hand t e r m of t h e e q u a t i o n i n d i c a t e s t h a t t h e e n r i c h e d u r a n i u m i s assumed t o be a m i x t u r e of 235U and 238U.
However
The d e r i v a t i o n o f E q u a t i o n 2 a n d t h e a s s u m p t i o n s u s e d a r e d i s c u s s e d i n Appendix 1. R e s u l t s u s i n g b o t h e q u a t i o n s f o r a r a n g e of U-A1 a l l o y c o m p o s i t i o n s are compared i n Table 1. I n a l l cases, t h e t w o e q u a t i o n s p r o d u c e t h e same r e s u l t s t o w i t h i n 0 . 0 2 w t % U-A1
.
N e i t h e r e q u a t i o n i s e x a c t ( e . g . t h e e f f e c t o f t h e a c t u a l uranium i s o t o p i c c o n t e n t s 234U, 235U, 236U, and 238U on t h e U-Al4 d e n s i t y i s n o t c o n s i d e r e d , t h e a c t u a l d e n s i t y of U-Al4 i s n o t c o n s t a n t due t o n o n -e q u i l l i b r i u m o r n o n -s t o c h i o m e t r i c c o m p o s i t i o n s o f t h e i n t e r m e t a l l i c compound)
. However, b a s e d on p a s t m a n u f a c t u r i n g e x p e r i e n c e , e i t h e r e q u a t i o n i s s u f f i c i e n t l y a c c u r a t e f o r U-A1 a l l o y c a s t i n g c h a r g e makeup c a l c u l a t i o n s . When U-A1 a l l o y s s o l i d i f y , t h e uranium i s c o n t a i n e d i n i n t e r m e t a l l i c compounds s u r r o u n d e d by a n aluminum m a t r i x . Under e q u i l l i b r i u m c o n d i t i o n s , t h e uranium i s p r e s e n t as U-Al4.
The d e n s i t y of t h i s compound w i t h n a t u r a l uranium i s 6.06 g/cc a n d it c o n t a i n s 68.81 w t % U .
= 68.81
[ 4 (26.;;;:?238.12 ] a) wt% U in U -A 4 = 100
Where : A t o m i c w t n a t u r a l U = 238.12 A t o m i c w t aluminum = 2 6 . 9 8
For a n y alloy c o n t a i n i n g up t o 6 8 . Although the values assumed for the density of U-Al4 and the wt% U in U-Al4 are based on natural uranium, these values will be in error by no more than 1.2% for any composition of enriched uranium. This has an insignificant effect (less than 0 . 0 0 5 w t % U ) on the alloy composition determined by equation 2.
